Tree-ring record of hydrologic drought in the Southwest

* Brief background

« SE Arizona perspective
o Highlights of record
o Research challenges
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Hydrologic drought: deficits in soil moisture, runoff, streamflow and tree
growth driven by low precipitation and high evapotranspiration




Droughts leave their imprint in measurable physical and chemical properties
of the annual rings. The width of the annual ring has been widely used.

Colorado River mid-1100s drought

Driest 3 years in last 1200 in S California

Snowpack in Sierra Nevada at record low

e etc

Refs 1-3 on final slide
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More than 900 drought-sensitive tree-ring chronologies in North America have
been incorporated into the North American Drought Atlas (NADA)

Chronology locations provided by Ed Cook (ref 4)

Variable species and time
coverage

Applied to reconstruct summer
(JJA) Palmer Drought Severity
Index on 2.5x2.5 degree grid

Time series and plots
accessible online



The NADA is a valuable resource of drought information for the past 2000 years

http://iridl.Ideo.columbia.edu/SOURCES/.LDEO/.TRL/.NADA2004/.pdsi-atlas.html

TREE-RING RECONSTRUCTED DROUGHT . .
« Click on a lat/lon point
GRID-POINTS | « Geft plots and data

“RISE” point

120 W




At this grid point, a 10-year smoothed time series reaches a local low (dry)
after 2000 unmatched at any other time since the 1200s

TREE-RING RECONSTRUCTED DROUGHT
GRID POINT:105 110.0W 32.5N

I‘ i ‘ {l / i il
UL ;!'”M"NH‘IIH‘ | Hrl”'ﬂlf' 'Hu ||| ﬂl ’” [H ,| m f' I ", !
.rll'l'l‘llll"l“”'l'”M IMWII\'H"'f'|||||'|",w|' “m IM‘IMU‘“' "wwu, "H Hl il |' ]'H' i |"| ; ‘“

# CHRONOLOGIES

1600

Plot produced by NADA web site (previous slide)



The NADA reconstruction for a given gridpoint might be based on distant tree-
ring sites toward early part of tree-ring record

AD 1100 AD 1300

 Maps show chronologies available as
POSSIBLE predictors in given year

« Fewer may actually enter model,
depending on signal strength

 No local chronologies available at AD
1100

AD 1500 AD 1700

Chronology locations provided by Ed Cook (ref 4)



The NADA is reconstructed “summer” (JJA) PDSI, but in the Southwest those
reconstructions reflect mainly cool-season drought

Tree-ring PDSI ' summer
« Correlate reconstructed summer

1. Summer precipitation

I Winter

2. Winter precipitation
* Map the difference in correlation

* Analysis period 1901-1978

Figure from St. George et al. 2010 (ref 5)



The NADA largely misses the component of drought from failed summer
monsoon — a critical limitation in SE Arizona

Southeast of Tucson, more than half the
annual precipitation falls in June-September

* NSF project at UA 2008-2013
 Goal: seasonal precipitation reconstruction

 Primary tree-ring variable: sub-annual ring width

JAS Fraction of Annual Precipitation
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Figure from Dan Griffin (refs 6-7)



Sub-annual components can be identified. Measurements are related to
seasonal precipitation anomalies
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Figure from Dan Griffin (refs 6-7)



A network of tree-ring sites was collected and analyzed. Separate
precipitation reconstructions were done for cool and warm season

LATEWOOD CHRONOLOGY NETWORK North American Monsoon Experiment (NAME) region 2
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53 Sites
~2,200 Trees
948,077 Rings

/\ Douglas-fir, white fir A ponderosa pine, other yellow pines

Figure modified from Dan Griffin (refs 6-7)



One finding was that sub-annual ring measurements can
resolve seasonal precipitation anomalies in NAME region 2

« At left are scatterplots of reconstructed against
observed seasonal standardized precipitation index (SPI)

« Cool season SPT is reconstructed from, earlywood width
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« Summer SPI is reconstructed from latewood width

Reconstructed

Observed

Figure from Dan Griffin (refs 6-7)



The big advance was for summer. Latewood-width allowed
reconstruction of JJA (Monsoon) SPI back to the mid-1500s

& \[ i‘, ‘h, sl .
L 1A ‘h H T ‘L. L

‘ H\I‘ ‘ll [i'ﬂi’ H:“ l"l

, N ‘ I‘ | LML" .! l\ " y;‘ip

ol
UL (R
| 1 il
‘ ‘k!I“"‘ ( :

o
7p)
c
o
O
"
c
o
=

| {4
|

1550 1600 1650 1700 1750 1800 1850 1900 1950 2000

Figure from Dan Griffin (refs 6-7)



A strong feature of reconstructed monsoon SPI is the
drought at the turn of the 20t century
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Late 19t
Century

Drought

Figure from Dan Griffin (refs 6-7)



Results showed the cool season was also dry in the 1890s; 1904-1905 marked
a sudden turn from drought to wetness.

1550 1600 1650 1700 1750 1800 1850 1900 1950 2000

Is such a turnaround
a thing of the past?
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Monsoon SPI

1550 1600 1650 1700 1750 1800 1850 '00' 1950 2000

Late 19" Early 20t
Century Century
Drought Pluvial

Figure from Dan Griffin (refs 6-7)



Future research topics relevant to SE Arizona

Monsoon rainfall spatial
variability

Better separation of the
seasonal precipitation signal =4
Exploitation of the chemical e
properties in tree rings

Riparian ftree-ring signal
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